Abstract: Mobile devices are gaining more and more popularity in recent years. Researchers and practitioners took advantages of mobile devices to facilitate inquiry-based learning in the past decade. Although there were many studies that using mobile devices in inquiry-based learning, the systematic review of the effectiveness of integrating mobile devices with inquiry-based learning remained lacking. This meta-analysis examined 34 empirical studies with 2316 participants on integrating mobile devices with inquiry-based learning from 2007 to 2016. The results indicated that there was a high effect size of 0.91 for the application of mobile devices in improving students' learning achievements. The features of moderator variables were also deeply analysed and synthesised based on the content analysis of all studies. The results together with the implications for practices and research were also discussed in detail.
Introduction
Inquiry-based learning is grounded in the studies of John Dewey, who believed that science education should guide students to think and act scientifically (National Research Council, 2000) . Inquiry-based learning was also an effective pedagogy in which learners followed scientific methods to construct knowledge and solve problems (Keselman, 2003) . Inquiry-based learning was conceptualised as a process of proposing questions or discovering new causal relations, formulating hypotheses, investigating and testing by experiments or observations (Pedaste et al., 2012; Quintana et al., 2004) . Moreover, inquiry-based learning put emphasis on active participation and learners' responsibility for discovering knowledge (de Jong and van Joolingen, 1998) as well as self-directed learning process (Wilhelm and Beishuizen, 2003) .
A more typical inquiry cycle proposed by Bybee et al. (2006) was the 5E model, namely engagement, exploration, explanation, elaboration, and evaluation. Furthermore, Pedaste et al. (2015) developed a comprehensive inquiry cycle based on the existing inquiry-based learning frameworks. This cycle involved in five distinct phases, namely orientation, conceptualisation, investigation, conclusion, and discussion. More specifically, inquiry-based learning included questioning, generating hypotheses, designing and planning, experimenting, collecting and analysing data, explaining results, drawing conclusions, and communicating findings (Bell et al., 2010; Donnelly et al., 2014; Furtak et al., 2012) .
Numerous studies had documented the effectiveness of inquiry-based learning. For example, Mäeots et al. (2008) found that web-based guided inquiry-based learning can improve learners' inquiry skills. Duran and Dökme (2016) found that inquiry-based learning had significant effects on learners' critical thinking skills in science and technology courses. In addition, previous studies reported that inquiry-based learning approach outperformed the traditional instruction (Furtak et al., 2012; Minner et al., 2010) .
Inquiry-based learning had gained increasingly attention in the field of education. One of the major reasons was that the effectiveness of inquiry-based learning can be improved by electronic learning environments (Pedaste et al., 2015) . Recently, mobile devices had been essential to the lives of youngsters (Prensky, 2012) and changed the patterns of human interactivities (Pachler et al., 2013) . With the aid of mobile devices, students can learn anytime and anywhere whenever they want. Since mobile devices provided great convenience for inquiry-based learning, many scholars had made great efforts to incorporate mobile devices with inquiry-based learning. For example, Shih et al. (2010) guided elementary school students to conduct inquiry-based learning during a social science activity through mobile devices and wireless communications. They found that students' learning performance made significant improvement and their satisfaction level was very high after mobile inquiry-based learning activities.
Furthermore, Vogel et al. (2010) integrated mobile and sensor technologies into environmental courses to conduct inquiry-based science learning. Their initial outcomes demonstrated that students' engagement increased with the aid of real-time geopositioned data. Wongwatkit et al. (2017) developed a personalised mobile learning system to support guided-inquiry learning activities for secondary school students. They found that students' learning achievements and attitude were significantly improved.
Although mobile devices attracted increasing attention from teachers and educators, there were lots of challenges about how to effectively integrate mobile devices into learning. First, how to design learning activities was very important for improving the effectiveness of integrating inquiry-based learning activities with the aid of mobile devices. The design of inquiry-based learning activities need to consider learning goals, learning tasks, learning resources, the inquiry phases, interactive patterns and rules, and evaluation methods. It was a big challenge for teachers and practitioners to design the high quality inquiry-based learning activities. Second, designing appropriate interventions and experiments were also very crucial for successful inquiry-based learning. For example, embedded ARCS motivational strategies (attention, relevance, confidence, and satisfaction) during mobile inquiry-based language learning processes. They found that students' motivations were significantly higher after embedding ARCS motivational strategies. To sum up, the prior studies had demonstrated how to integrate mobile devices into inquiry-based learning. Therefore, it was very valuable to conduct a deep analysis of inquiry-based learning supported by mobile devices in order to shed light on how to better implement mobile inquiry-based learning in the future.
Researchers have conducted reviews of the impact of inquiry-based learning on learning in previous studies. For example, Pedaste et al. (2015) analysed 32 articles concerning inquiry phases and developed a synthesised inquiry cycle, namely orientation, conceptualisation, investigation, and conclusion. Furthermore, Donnelly et al. (2014) reviewed the studies on science inquiry learning environments and identified highly creative and effective features. Typically, the inquiry learning environments provided authentic context, visualised scientific concepts, and enhanced student learning. However, there was a need to strengthen collaboration, cumulative development, and comparison studies in future. In addition, Furtak et al. (2012) coded 37 experimental and quasi-experimental studies on inquiry-based science teaching and found that the overall mean effect size achieved 0.50. Lazonder and Harmsen (2016) conducted a meta-analysis of 72 studies on inquiry-based learning and compared the effectiveness of different types of guidance. They found that guidance had a positive effect on inquiry-based learning outcomes and performance success. However, the effectiveness of using mobile devices in inquiry-based learning had not been examined in previous studies. Moreover, the influence of moderator variables need to be investigated in order to provide insight into how to design the high quality intervention means.
The purpose of this study was to conduct a meta-analysis of the studies on use of mobile devices in inquiry-based learning. The meta-analysis not only can provide an overview of using mobile devices in inquiry-based learning, but also quantify the effectiveness of integrating mobile devices with inquiry-based learning on learning achievements as well as examine how the moderators impact the effects of mobile devices on inquiry-based learning. The research questions were formed based on the goal of this study as follows: After rigorous screening the full text of each paper, only 34 articles met the aforementioned criteria. The major reason for the small number was that the required information was not reported and most studies did not meet the criteria.
Coding scheme
All of the selected studies were analysed based on the coding scheme (Table 1) . It included the characteristics of treatment, demographics of the selected studies, and research methodological features. The coding scheme was adapted from the previous meta-analysis (Sung et al., 2016; Zheng, 2016) . 
Inter-rater reliability
Two raters independently analysed all of studies according to the aforementioned coding scheme. The Cohen's kappa was adopted to calculate the inter-rater reliability. It was found that the Cohen's kappa value achieved .87, implying good inter-rater reliability (Cohen, 1960) . All discrepancies were discussed and came to a final agreement.
Analysis method
In the present study, the standardised mean difference was adopted to calculate the effect size. If one study reported multiple scores to examine learning achievements, the average effect size was calculated to get the final effect size. In addition, a heterogeneity analysis was performed to investigate the impacts of moderator variables (Borenstein et al., 2009 ). Furthermore, the publication bias was investigated by the classic fail-safe N to estimate how many unpublished data would reduce the overall effect size (Rosenthal, 1979) . If the fail-safe N was larger than 5n+10 (n demotes the number of studies), then it was impossible to influence the effect size by the unpublished research (Sung et al., 2016) . The random effect model was employed to calculate the effect sizes and conduct heterogeneity analysis. The software Comprehensive Meta-analysis (CMA) was adopted during the whole meta-analysis.
Results

The overall effect size
A total of 34 studies were analysed with a total sample size of 2316 students. Table 2 demonstrated the overall effect size. It was found that the overall weighted effect size was 0.91. Furthermore, the distribution of effect sizes was highly heterogeneous (Q = 169.94, df = 33, p < .001). Therefore, integrating mobile devices with inquiry-based learning had significantly impacts on students' learning achievements. Table 3 demonstrates the effect size, standard error, variance, confidence intervals, z and p values for each study. 
The effect size for treatment features
The treatment features were analysed in terms of hardware used, software used, intervention setting, inquiry mode, and duration of treatment. Table 4 shows the analysis results by hardware used. It was found that 38% of studies adopted PDA to conduct inquiry-based learning, 41% of studies employed tablet PC, and 21% of studies used mobile phone. Using PDA produced the largest effect size. However, Q B did not reach the significance level (Q B = 0.74, df = 2, p > .05), which indicated that the effect size did not differ among the various kinds of hardware. With regard to software used, it was found that 9% of studies adopted augmented reality, 9% of them adopted guided system, 9% of them used mindtools, 32% of them used mobile learning system, 15% of studies used QR-code, 26% of studies employed RFID to facilitate mobile inquiry-based learning (see Table 5 ). Among these different softwares, RFID produced the largest effect size, followed by mindtool. However, there was no significant difference between the various categories of software (Q B = 8.01, df = 5, p > .05). With respect to intervention setting, the finding revealed that 21% of studies conducted inquiry-based learning in formal settings, 50% of studies were performed in informal settings, and 29% of studies combined formal and informal settings (see Table 6 ). The effect sizes for formal, informal, and mixed were 1.37, 0.82, and 0.76, respectively. Therefore, inquiry-based learning in formal settings produced the highest effect size. Furthermore, there was no significant difference among the different kinds of intervention settings (Q B = 5.84, df = 2, p > .05). In addition, the results by inquiry mode were shown in Table 7 . The findings indicated that 32% of studies conducted mobile inquiry-based learning in a group manner, 59% of studies conducted inquiry-based learning individually, and 9% of studies conducted mobile inquiry-based learning in mixed manner. Moreover, mixed mode produced the largest effect size. No significant difference was found between the three different inquiry mode (Q B = 4.33, df = 2, p > .05). Table 8 demonstrates the results by duration of treatment. The findings revealed that 20% of studies conducted mobile inquiry-based learning for 2-4 weeks, 15% of studies conducted mobile inquiry-based learning for 5-8 weeks, 9% of studies conducted mobile inquiry-based learning for 9-24 weeks, 56% of studies conducted mobile inquiry-based learning less than one day. Furthermore, the duration of 5-8 weeks produced the largest effect size. No significant between-group effect was found (Q B = 3.59, df = 3, p > .05), indicating no obvious variation among different duration of treatment. As shown in Table 9 , the measured outcomes were divided into two major categories: cognitive outcomes and mixed outcomes. It was found that most studies (94%) investigated the effectiveness of mobile inquiry-based learning based on mixed outcome. Only 6% of studies measured learners' cognitive outcomes, which produced the largest effect size. Moreover, there was no significant difference was found in measured outcomes (Q B = 0.26, df = 1, p > .05). 
Demographics of the selected studies
In the present study, the demographics of the selected 34 studies were analysed in terms of sample group, sample size, and learning domain. Table 10 demonstrates the results of the analysis by sample group. With regard to sample group, the studies were divided into three major categories: higher education (29%), high school (6%), and elementary school (65%). The effect size for high school studies was the highest (ES = 1.47) and the elementary school (ES = 0.82) was the lowest. However, the difference was not statistically significant (Q B = 2.85, df = 2, p > .05) among these three categories. Previous studies reported that sample size was another potential variation source (Slavin and Smith, 2009 ). As shown in Table 11 , 24% of studies adopted small sample size (21-50), 68% of studies adopted medium sample size (51-100), and 8% of studies adopted large sample size (101-300). The findings of this study indicated that 8 studies with small sample sizes produced the highest effect size (ES = 1.12), followed by 23 studies with medium sample sizes (ES = 0.87), and 3 studies with large sample sizes (ES = 0.78). However, no significant difference between the various kinds of sample sizes was detected in the present study (Q B = 1.24, df = 2, p > .05). Table 12 demonstrates the results by learning domain. It was found that 9% of studies conducted mobile inquiry-based learning in medical science, 68% of studies in natural science, and 23% of studies in social science. The effect size for medical science, natural science, and social science were 1.82, 0.93, and 0.57, respectively. However, there was significant difference between the various kinds of learning domains was found in the present study (Q B = 10.85, df = 2, p < .05). 
Research methodological features
Three key methodological features were examined: research methods, research design, and data sources. Table 13 demonstrates the analysis result. The findings revealed that 44% of studies adopted both qualitative and quantitative methods. The rest of them employed the quantitative method. The effect size for quantitative methods (ES = 1.02) was higher than for both the qualitative and quantitative method (ES = 0.77). The test of heterogeneity indicated that there was no statistically difference between the different categories of research methods (Q B = 1.89, df = 1, p > .05).
In terms of research design types, 68% of studies adopted quasi-experimental design and 32% of them employed the true experimental design (see Table 14 ). Furthermore, the quasi-experimental design produced the higher effect size than the true experiment. However, it was found that no significant difference was found between the two types of research design (Q B = 0.10, df = 1, p > .05). In addition, all of studies adopted mixed data sources to collect data (see Table 15 ). These data sources included survey, interview records, test, observation journals, screen shot, and so on. The effect size for mixed data sources was 0.91. This findings indicated that it was difficult for obtain reliable results if only one kind of data source was collected. 
Publication bias and sensitivity analysis
In the present study, the classic fail-safe N was used to examine the publication bias for 34 studies (Rothstein et al. 2006) . As suggested by Table 16 , it was found that a total of 3775 studies with null results would be needed if the overall effect size was nullified. Therefore, there was no publication bias in the present meta-analysis. In addition, one-study removal analysis was employed to examine the sensitivity (Borenstein et al. 2009 ). It was found that the effect sizes still fell into the 95% confidence interval (0.73-1.09). Hence, it would not have impact on the overall effect size if one study was removed. Number of observed studies 34
Number of missing studies that would bring p value to > alpha 3775
Discussion
The present meta-analysis with a sample size of 2316 participants revealed that integrating mobile devices with inquiry-based learning had a large effect size (ES = 0.91) on learning achievements. This finding was consistent with Sung et al. (2016) who reported that there was a significant average effect size of 0.523 for integrating mobile devices with teaching and learning. Such a result was similar to previous studies that mobile devices assisted language learning produced a positive effect size (Sung et al., 2015) . In addition to the overall findings, this meta-analysis also examined the impacts of mobile devices on students' learning achievements by treatment characteristics, demographics of the selected studies, and research methodological features. The following sections will illustrate the key findings in detail. First, the present meta-analysis found that 5-8 weeks produced the largest effect size and 9-24 weeks produced the smallest effect size. This result indicated that both too short and too long intervention duration cannot produce the large effect size. Five to eight weeks are appropriate for integrating mobile devices into inquiry-based learning. The main reasons lie in two aspects. On the one hand, it was impossible for learners to get familiar with the mobile devices, software, and tasks within a very short time slot (Sung et al., 2017) . On the other hand, the effects of long intervention duration might decrease because of a loss of novelty sense for mobile devices (Cheung and Slavin, 2013) . Moreover, teachers may not provide continue support and real-time feedback during a long period of intervention (Sandberg et al., 2011) .
Second, the present study revealed that the small sample size (20-50) produced the largest effect size. This result was in line with the previous studies suggested that small sample sizes had the larger effect sizes than large sample sizes (Cheung and Slavin, 2013; Slavin and Madden, 2011) . The major reason was that small sample size studies were tightly controlled and easily implemented (Cheung and Slavin, 2013) . In addition, most of small size studies employed the non-standardised tests. Previous studies also revealed that the non-standardised tests produced larger effect sizes than standardised tests (Li and Ma, 2011) .
Third, the results demonstrated that the quasi-experimental design had the larger effect size than the true experimental design. Similar findings were also revealed in previous studies (Cheung and Slavin, 2013) . However, Niemiec et al. (1987) reported that the findings of quasi-experimental studies had larger variances than the randomised experimental studies. Hence, there was an urgent need to conduct true experimental studies when integrating mobile devices into inquiry-based learning in future.
Fourth, the present study also revealed that the quantitative studies had the larger effect sizes than the qualitative and quantitative studies. This result was no surprise because the meta-analysis was a quantitative analysis method that compared the overall effect of different studies using the common metric (van Ewijk 2011). In addition, it was found that all of studies adopted multiple data sources to collect data. This finding was corroborated by Yin (2003) as well as Baxter and Jack (2008) who believed that the use of a variety of data sources enhanced the reliability and validity.
Fifth, it was found that integrating mobile devices with inquiry-based learning produced the larger effect size for cognitive outcomes than for mixed outcomes. Many studies also reported that using mobile devices significantly improved students' learning achievements during inquiry-based learning Shih et al., 2010) . The reason was that cognitive outcomes like basic knowledge of scientific concepts were likely to be improved through the intervention of mobile devices. However, the results also indicated that most studies still adopted mixed outcomes such as learning achievements, cognitive load, learning motivation, and attitude toward learning. It was strongly recommended that future studies should focus on the impacts of mobile devices on skill-based outcomes and higher-level outcomes (Zydney and Warner, 2016) .
The present study had several implications for researchers and practitioners to implement mobile inquiry-based learning. First, orchestrating mobile devices, software, and learning activities during inquiry-based learning. To achieve orchestration, the teachers should design interesting learning activities and select appropriate mobile devices and software. These fundamental elements were benefit for building harmonious relationships to achieve the high quality technology-enhanced teaching (Dillenbourg et al., 2013) . Second, designing the appropriate intervention strategies and applications. Mobile devices had many advantages such as instant communication, real-time feedback, location and context sensitivity, and so on. However, only using mobile devices cannot produce large effects on learning. Therefore, researchers should design the appropriate intervention means to facilitate mobile inquiry-based learning. For example, designing scaffolds and guidance strategies with the aid of mobile devices during inquiry-based learning processes. It was also worthy to help students to propose questions, form and test hypotheses, share findings as well as evaluate products through the well-designed applications. Third, designing the high quality experiment studies before integrating mobile devices with inquiry-based learning. The first step was to select the appropriate sample size, sample group, learning domain, and tasks. Then the duration, model, and settings of intervention should be elaborated before implementing mobile inquiry-based learning.
The present study had the following limitations. First, only 34 studies were included in the present meta-analysis. Cautions should be made when generalising the findings. The future study should expand the databases and sample size in order to obtain the comprehensive understanding of mobile inquiry-based learning. Second, only the learning achievements were analysed in this meta-analysis. The main reason was that most studies reported the results of learning achievements. Only a few of studies reported other dependent variables such as learning motivations, learning attitudes, and learning engagement. Future study should investigate other outcome variables so as to provide deep insights into implementing mobile inquiry-based learning.
Conclusion
To summary, the present meta-analysis provided concrete evidence about the effect size of integrating mobile devices with inquiry-based learning. It was found that inquirybased learning with the aid of mobile devices produced a large effect size of 0.91 for learning achievements. In other words, students who learned with mobile devices outperformed those who learned without mobile devices. Therefore, mobile devices indeed facilitate inquiry-based learning in terms of improving students' learning achievements. In addition, the deep analysis of moderator variables such as demographics of the selected studies and research methodological features also described an interesting picture of integrating mobile devices into inquiry-based learning. The present meta-analysis also provided a valuable reference for researchers and teachers who aimed to integrate mobile devices into inquiry-based learning.
